The values which have been published for the copper content of the fluids and tissues of normal people differ widely, and in many instances a critical examination of the analytical technique employed reveals serious defects which probably influenced the results. In our investigation of the copper status of cases of disseminated sclerosis and hepatolenticular degeneration it was therefore considered necessary to re-determine the urinary excretion of this metal and its concentration in the blood of a group of healthy adults using a more reliable technique, and the results are presented here.
The clinical importance of establishing accurate normal values has been emphasized in recent years by reports that patients with certain diseases have shown elevated concentrations of copper in their urine or blood when compared with control subjects. Thus a comparatively high urinary excretion of copper has been found in hepatolenticular de- generation (Mandelbrote, Stanier, Thompson, and Thruston, 1948 ; Cumings, 1951 ; Porter, 1951; Matthews, Milne, and Bell, 1952; Zimdahl, Hyman, and Cook, 1953; Bearn, 1953 ; Earl, 1954) and an elevation of the copper content of the blood has been observed in infectious diseases and anaemias (Cartwright, 1950 , and authors cited), but it should be noted that many of the values for patients with these diseases lie within the limits of normal ranges reported by other authors.
Subjects
Investigations were carried out on 12 clinically healthy adults aged 18-32 years of whom three were non-pregnant women. With the exception of one, No. 2, who was a housewife, they were either laboratory workers or students, and so far as could be ascertained were unlikely to be ingesting an unusual amount of copper. They were all on a normal mixed diet.
The urinary zinc excretion and the zinc content of the blood of these people were also determined and the results will be presented in a separate communication.
Method
Special Precautions.-Strict precautions were taken to prevent contamination of the specimens by adventitious traces of copper during collection, storage, and analysis. The importance of these measures in work of this kind canniot be overemphasized, and they are described here since the descriptions of the technique used by other workers reveal in many cases that their precautions were inadequate. In all probability contamination is chiefly responsible for the wide variation in their results and the fact that they are generally considerably higher than those recorded here.
Only " pyrex " glassware was used, since fluids readily extract traces of copper (and other metals) from other brands. The magnitude of this contamination is illustrated by the values given in Table I for the copper content of specimens of urine, blood, and Ordinary laboratory standards of cleanliness are quite inadequate for trace element work. All glassware was put through a special cleaning procedure and was used only for this work. New glassware was first scrubbed thoroughly with " vim," rinsed well with tap water, and then washed with concentrated caustic soda solution (about 50%), followed by concentrated nitric acid. It was then washed thoroughly with tap water and finally rinsed three times with distilled and metal-free water. The latter was obtained by redistilling distilled water in all-" pyrex " apparatus. After use, specimen bottles, syringes, digestion flasks, and pipettes for measuring samples were washed with nitric acid and rinsed with tap, distilled, and metal-free water as described above, while separating funnels and pipettes for reagents were rinsed with metal-free water before and after use. All-steel needles specially made by Shrimpton and Fletcher Ltd. were found to be satisfactory for the collection of blood by venipuncture. The type of needle in common use for this purpose has a brass mount which is plated only on the outside, and it has not been generally realized that this seriously contaminates the blood with copper (and zinc) as it passes through. Experiments with a new, specially cleaned needle of this kind showed that this contamination may increase the copper content of a blood sample by as much as 15%. It may be expected to be considerably greater from older needles which have been cleared in the usual manner with the brass wire provided. The needles were cleaned by boiling with dilute acetic acid (about 0.lN) and rinsing with metalfree water.
All apparatus was kept as free from dust as possible. Pipettes were stored in covered glass cylinders and were never allowed to touch the bench. The tops of bottles and standard flasks were covered with beakers, boiling tubes, or filter paper to prevent the accumulation of dust on the pouring surfaces. No riubber bungs or corks were used, since these are also sources of contamination.
AnalaR grade concentrated acids, ammonia, and solvents were purified by distillation in all-" pyrex " apparatus and solutions of AnalaR grade salts by extraction with dithizone solution. If this is omitted the amount of copper in the blank will be several times greater than that in the sample and so will seriously reduce the precision, range, and sensitivity of the analytical method. Metal-free water was used for making up all solutions.
Collection of Specimens.-In the past, most workers have collected 24-hourly specimens of urine for copper analysis, but some have worked with specimens collected over shorter periods, such as two hours (Mandelbrote et al., 1948) , or at random (e.g., Earl, 1954) . These smaller specimens have the obvious advantage of convenience, and to determine whether they are comparable the urinary copper excretion of three subjects was followed throughout 24-hour periods. The results given in Table II show that it undergoes a considerable diurnal variation. In view of this finding 24-hourly specinmens were collected from the remaining subjects for copper analysis.
The urine was collected directly into wide-necked, 2-or 3-litre " pyrex " bottles, a funnel being provided for the women. The bottles were kept stoppered and the tops covered with filter paper when they were not in actual use during the collection period.
Blood was taken with an all-steel needle attached to an ungreased " pyrex " syringe and was expelled into a " pyrex " tube provided with a stopper and containing purified ammonium citrate as an anticoagulant. All specimens were collected between 10 and 10.30 a.m., since the results of Nielsen (1944) had indicated that there is a diurnal variation in the copper content of serum. This has since been confirmed for serum by Munch-Petersen (1950b) and for plasma and red cells by Lahey, Gubler, Cartwright, and Wintrobe (1953) . Thus in order to obtain comparable results the specimens must be collected at approximately the same time of the day.
Analytical Procedure.-The same sample (20 ml. of urine or 1 ml. of blood) was used for the absorptiometric determination of both copper and zinc with dithizone by improved procedures which were devised for these studies (Butler, 1952 (Irving and Butler, 1953) . After making up the volume of this solution to 50 ml. with metal-free water, a sample was removed for the determination of zinc (5 ml. for urine and 10 ml. for blood) and the remainder was transferred to a 60-ml. separating funnel for the determination of copper as described below. (Marston, 1950 Tompsett (1934a) .. 6 210-380* 300 - Leverton (1939) .. The values recorded here (see Table IV ) vary from 3.9 to 29.6 Mug. per 24 hours, about a mean value of 18.0, and are thus much lower than many previously reported. They are in good agreement with those recently published by Porter (1951) and Bearn and Kunkel (1952) , and with the conclusion reached by Leverton and Binkley (1944) Thus in the light of this work the statement made in a review of the subject by Cartwright (1950) (Table V) . Those recorded here (Table IV) vary from 66.2 to 84.9 jug. per 100 ml., about a mean value of 76.6. They are much lower than those reported by the majority of previous workers and do not support the conclusion of Cumings (1951) Holmberg (1941) and Lahey et al. (1953) . (Bailey and McHargue, 1945) . The use of these brass-mounted needles for collecting blood for copper analysis has also been condemned by Marston and Lee (1948) and by Vikbladh (1950) . Marston and Lee concluded that contamination from this source has with little doubt complicated at least some of the analytical findings on ruminants in the literature, and there appears to be some justification for extending this conclusion to include humans. Summnary It was found that there is a considerable diurnal variation in urinary copper excretion both in rate and concentration.
The analysis of 24-hour specimens of urine from 12 healthy adults gave excretion values from 3.9 to 29.6 jug. copper per 24 hours (mean 18.0) and from 2.9 to 29.9 jug. copper per 1. (mean 15.4).
The copper content of the blood of these people ranged from 66.2 to 84.9 jug. per 100 ml., about a mean value of 76.6. Strict precautions were taken to ensure that there was no significant contamination of specimens by traces of copper from extraneous sources such as the atmosphere, glassware, and syringe needles. Insufficient attention to these measures is probably chiefly responsible for the high and variable results reported by the majority of previous workers.
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